Dark brown cyclonic spots ('barges') at 14øN were studied by using Voyager 1 and 2 images of Jupiter. Movie sequences were made to study the spots' behavior over intervals of 50 days and longer. These movies revealed that the length and width vary by +9% with a period of about 15 days, while the area remains approximately constant. The horizontal velocity field was investigated for an interval of about 1 day. Flow around the largest barge (feature 6) occurs as a ring current. The vorticity inferred is about 2« times that of the ambient cyclonic zonal circulation, and about one-haft the value of the local planetary vorticity. Length and width variations appear to be associated with a nonzero horizontal divergence field. If the oscillations are a natural mode of the system, the 15-day period will provide an important datum for testing models of stable closed vortices.
A property that makes these brown spots particularly interesting, and is reported here for the first time, is their oscillatory behavior. The Great Red Spot, an anticyclone in the southern hemisphere, changes its mean longitudinal position by +0.5 ø with a 90-day period [Solberg, 1969] . The Great Red Spot's oscillation is defined with respect to its average westward-drifting position, and mounts to a +2% movement compared to its major axis. In contrast, the largest of the barges (feature 6 in Figure I of Smith et al. [1979b] ) changes its length and width with a 15-day period. The length shrinks as the width grows, and both vary by about +9%, so that area is Copyright ¸ 1981 by the American Geophysical Union. approximately constant. Because the barge is smaller (major axis = 7500 km), a +2% oscillation in longitudinal position like the Great Red Spot's 90-day oscillation cannot be excluded at present.
MEASUREMENTS OF LENGTH AND WIDTH
The oscillation of feature 6 was discovered in time-lapse sequences of Voyager images. These sequences were put together from film products and were made into video movies covering over 25 days of observations. When possible, an image was selected from each Jovian rotation in which the feature was close to the central meridian of Jupiter's disk. Variations in longitude with respect to the central meridian were less than 10 ø for this barge movie. Camera pointing uncertainties are removed by rerecording each film image onto video disk in sequence so that the feature of interest remains steady in the center of the screen. Although the scale increases dramatically as the spacecraft approaches Jupiter, oscillations and other time-dependent behavior are clearly seen. Encouraged by the apparent oscillations of the barge in the movie, measurements of the length and width of the barge were made from digital maps for a period covering roughly 50 days prior to Voyager 2 encounter. Voyager 2 data were chosen because coverage of the largest barge (feature 6) was better than Voyager 1, and this feature remained fairly close to the central meridian for all measurements. By using the digital data, the pixel values, pixel locations, and distance in pixels between points were obtained in each picture. The range between the spacecraft and Jupiter was used to convert to distance in kilometers. Since all parts of the feature were within 15 ø of the central meridian, and since the latitude of the spacecraft with respect to Jupiter did not change appreciably, the analysis was performed assuming a plane surface at infinite distance from the camera. Electronic and optical distortion within the Voyager cameras were negligible for these observations. The length of a barge was defined as the major axis measured at the point of greatest contrast variation. The width was similarly defined, only for the minor axis. Because there were nonuniformities in the edge of the barge, several measurements were made of the width at various points far from the ends, and the average was taken. Another feature of the barges that became evident in the movie sequences is the presence of large-scale disturbances at the boundary. These appear as broad 'bumps' extending ~ 1000 km along the boundary and ~ 100 km out of the barge interior. They also move with the general counterclockwise flow around the periphery. Three of these disturbances were observed, and sequences of one of these disturbances is shown in It is interesting that the time for a feature to circumnavigate the barge is 10-20 days at the above-quoted velocities. This is essentially equal to the period of barge oscillations, as was discussed earlier. One possibility is that the oscillations are controlled by the vorticity distribution such that the natural frequency is equal to the average vorticity. Such a hypothesis could be used in testing a theoretical model of flow and stability of an elongated cyclone. Another possibility is that the barge oscillations are nothing more than the motion of an irregular boundary in a time-independent, regular, circumferential flow. According to the first hypothesis, the velocity field is varying with a 15 day period. According to the second hypothesis, only the boundary as defined by the cloud markings is varying. The velocity field itseft may be steady.
From studying the movie sequences, we are inclined toward the first hypothesis. The barge oscillations look real. Moreover, the timing of interactions between disturbances and the barge oscillations is not consistent with the second hypothesis. If the apparent oscillations were merely due to motion of an irregular boundary, the length would be a maximum at times when outward bumps in the boundary reached the ends of the barge. A single bump would produce two maxima every time it circumnavigated the barge. Two bumps would produce four maxima, and so on. Thus the period of apparent oscillation would be less than 10 days, shorter than the observed period. Also, the movies contain examples of outward bumps starting at one end, when the barge length was a minimum and reaching the other end long before the length attains maximum. This tends to preclude the second hypothesis.
Rather, the oscillations appear to affect the formations and In summary, the cyclonic brown spots at 14øN have values of vorticity about 2-3 times that of the surroundings. The length and width of the dark features oscillat6 with a • 15-day period, the area remaining approximately constant. It is likely that this is a real dynamical oscillation (i.e., that the velocity field is also varying). If real, the 15-day period will be an important diagnostic for testing theoretical models.
